Phytochrome-interacting factor 4 and 5 (PIF4 and PIF5) activate the homeobox ATHB2 and auxin-inducible IAA29 genes in the coincidence mechanism underlying photoperiodic control of plant growth of Arabidopsis thaliana.
The plant circadian clock generates rhythms with a period close to 24 h, and it controls a wide variety of physiological and developmental events. Among clock-controlled developmental events, the best characterized is the photoperiodic control of flowering time, which is mediated through the CONSTANS (CO)-FLOWERING LOCUS T (FT) pathway in Arabidopsis thaliana. The clock also regulates the diurnal plant growth including the elongation of hypocotyls in a short day (SDs)-specific manner. In this mechanism, phytochromes (mainly phyB) and the PHYTOCHROME-INTERACTING FACTOR4 (PIF4) and PIF5, encoding phytochrome-interacting basic helix-loop-helix (bHLH) transcription factors, play crucial roles. The time of day-specific and photoperiodic control of hypocotyl elongation is best explained by the accumulation of the PIF4 and PIF5 proteins during night-time before dawn, especially under SDs, due to coincidence between the internal (circadian rhythm) and external (photoperiod) time cues. However, the PIF4- and/or PIF5-controlled downstream factors have not yet been identified. Here, we provide evidence that ARABIDOPSIS THALIANA HOMEOBOX PROTEIN2 (ATHB2), together with auxin-inducible IAA29, is diurnally expressed with a peak at dawn under the control of PIF4 and PIF5 specifically in SDs. This coincidentally expressed transcription factor serves as a positive regulator for the elongation of hypocotyls. The expression profiles of ATHB2 were markedly altered in certain clock and phytochrome mutants, all of which show anomalous phenotypes with regard to the photoperiodic control of hypocotyl elongation. Taken together, we propose that an external coincidence model involving the clock-controlled PIF4/PIF5-ATHB2 pathway is crucial for the diurnal and photoperiodic control of plant growth in A. thaliana.